INTRODUCTION
Orthokeratinized odontogenic cyst (OOC) was initially described under odontogenic keratocysts (OKCs), which is a rare cyst of jaw encompassing approximately 10% of cases of OKCs.
Schultz described it as a dermoid cyst (DMC) in 1927 and later Philipsen termed it as OKC. [1] It was classified as a type of OKC in the WHO classification published in 1992. [2] The WHO 2005 classification christened it keratocystic odontogenic tumor (KCOT) under tumors which has a tendency for recurrence and inherent potential for growth. [3] OOC was then delineated as a distinct entity, which is mostly small, nonexpansile and presents without any signs or symptoms. Radiographically, it is seen as a radiolucent lesion occurring frequently during the fourth and fifth decades of life with no gender predilection. Common site of occurrence for OOC is posterior mandible. OKC depicts mild predilection for men and occurs mostly in the second and third decades of life. Most often, OKCs occur as single lesions, but when they are associated with nevoid basal cell carcinoma syndrome (NBCCS), multiple lesions can be found. In contrast to OKCs, the OOC does not recur and neither it is associated with the NBCCS. [4] Epidermoid cyst and DMC (EDC and DMC) are benign developmental cysts, of which about 7% are detected in the head and neck region. Histologically, these cysts exhibit a keratinized stratified squamous epithelial lining. [5] Dentigerous cysts (DCs) constitute approximately 24% of all cysts observed in the jaws and are the most commonly found developmental jaw cyst. It is the second most common odontogenic cyst. [6] Cytokeratins (CKs) are intermediate filament proteins specific for epithelium, and their expression varies depending on the type of epithelial cells. CKs can be utilized as markers of cell differentiation and malignant transformation. [7] CK10, CK13 and CK19 are all acidic type of CK expressed in various tissues. CK10 (molecular weight, 56.5 kDa) is explicitly expressed in orthokeratinized surface of the squamous epithelium. Developing enamel organ and cells of dental lamina express CK13, molecular weight -51 kDa. CK19 with molecular weight 40 kDa is expressed most secretory epithelia and the basal cells of squamous epithelium. [8] Fibronectin comprises a family of closely related, dimeric glycoproteins which are present both as soluble plasma constituents and within connective tissues and play an important role in embryonic development by mediating cell adhesion and migration. [9] The aim of our investigation was to analyze the immunohistochemical (IHC) expression of CKs and fibronectin in the study groups which comprised OOC, EDC and DMC, KCOT and DC in order to exemplify the pathogenesis of OOC.
MATERIALS AND METHODS

Tissue specimens
The purpose of our retrospective study was to evaluate the IHC expression of CKs (10, 13 and 19) and fibronectin in OOC, EDC, DMC, DC and KCOT. The investigation was in compliance with the ethics committee of our institute, i.e., Maulana Azad Institute of Dental Sciences, New Delhi. Tissue blocks which were formalin fixed and paraffin embedded were retrieved from the archives of the Department of Oral Pathology and Microbiology, Maulana Azad Institute of Dental Sciences, New Delhi. These tissues were diagnosed as OOC, EDC, DMC, DC and KCOT on histopathological examination with hematoxylin and eosin (H&E) staining. The diagnosis was reconfirmed on fresh H&E-stained sections. The study groups were grouped into four groups and were categorized as, Group I -OOC, Group II -EDC and DMC, Group III -25 cases of DC and Group IV -KCOT. Twenty-five cases were taken in each group.
Immunohistochemistry
Formalin-fixed and paraffin-embedded tissues were studied by immunohistochemistry. Sections of 2.5 µm were procured and mounted on slides coated with poly-L-lysine solution. The sections were dewaxed in xylene followed by hydration in graded ethanol. Antigen retrieval was performed with EDTA-Tris buffer (pH 9) in a pressure-based decloaking chamber (Digital DC2002INTL, Biocare Medical, Concord, California) at 95°C for 9 min and 30 s followed by bench cooling for 45-50 min. Two drops of peroxidase block followed by two drops of protein block were applied to the tissues for 10 min each. The slides were incubated with primary antibodies against CK10 -epithelial marker, Ab-2, mouse monoclonal antibody, Clone DE-K10 (Thermo Scientific Immunohistochemistry Solutions, Germany); CK13 -epithelial marker, rabbit polyclonal antibody (Thermo Scientific Immunohistochemistry Solutions, Germany); CK19 -epithelial marker, Ab-1, mouse monoclonal antibody, Clone A53-B/A2.26 (Thermo Scientific Immunohistochemistry Solutions, Germany) and fibronectin -mesenchymal marker, Ab-11, mouse monoclonal antibody, Clone FBN11 (Thermo Scientific Immunohistochemistry Solutions, Germany). Incubation was done in a hydrated chamber for 1 h followed by washing in TBS. Subsequently, the sections were incubated for 45 min with secondary antibody UltraVision Quanto Detection System, HRP DAB (Thermo Scientific Immunohistochemistry Solutions, Germany) in a closed hydrated chamber. Diaminobenzidine was used as chromogen, and the sections were counterstained with Harris hematoxylin.
Tissue sections of human skin were taken as positive control for expression of CK10, nonkeratinized stratified squamous epithelium of normal oral mucosa was taken as positive control for CK13 and normal salivary gland was taken as control for CK19. Basement membrane of normal oral mucosal epithelium was taken as control for fibronectin. The sections were stained along with the other study cases. By excluding, the primary antibodies served as negative controls for tissues. expression of CK10 in OOC and EDC in the intermediate and surface layers was almost similar with respect to the number of cases. Predominantly, mild staining of CK13 was noticed in OOC and EDC in all the layers. Intense staining reaction was evident in KCOT and DC, with maximum number of cases showing intense positivity in the surface layer. Expression of CK19 ranged from negative to mild in OOC. EDC showed negative expression in all the layers, but very few cases showed mild expression in the basal and surface layers. However, CK19 staining was detected in almost all cases of DC and KCOT and intensity of expression varied from moderate to strong and mild to moderate in all the layers, respectively [ Figures 1 and 2 ].
With regard to fibronectin expression, four types of expression patterns were interpreted, most common of which was DN expression [ Figure 3 ]. This type of pattern was observed in maximum number of cases of EDC, followed by DC, KCOT and OOC. Another pattern observed was DF, which was seen in <6 cases in each study group and its expression was negative in KCOT. FF and FN patterns were recognized in very few cases, and FN pattern was not detected in OOC. Comparison of CK10, 13 and 19 expression was done individually in all the layers in all the study groups. In OOC, a significant difference was observed between CK13 and CK19 in the basal layer. Similarly, a stronger expression was noticed with CK10 and it was significantly different with CK13 in the intermediate layer [ Table 1 ]. Assessment of immunoexpression in EDC revealed significant differences between CK10 and CK19 in the basal layer [ Table 2 ]. A significant difference was observed between CK13 and CK19 in the surface layer in DC [ Table 3 ], and no significant difference was observed among any of the CKs in KCOT [ Table 4 ]. The overall expression patterns between CKs in all the layers were analogous in DC and KCOT.
To better understand the histopathogenesis of OOC, it was compared individually with remaining three study groups by analyzing the expression of CK10, CK13, CK19 and fibronectin in all the layers.
Evaluation of immunohistochemical staining Assessment of cytokeratin staining
The stained slides were scanned at low-power view (×10 objective and ×10 ocular). The epithelium was divided into three layers, i.e., basal layer (B), spinous or intermediate layer (I) and surface layer (S), and the intensity of cytoplasmic staining was observed individually in all the three layers in all the study groups at the high power (×40 objective and ×10 ocular). The scoring system used is as follows: 0 was graded as negative staining, 1 was graded as mild positivity, 2 was graded as moderate positivity and 3 was graded assStrong positivity.
Assessment of fibronectin staining
The stained slides were scanned at low-power view (×10 objective and ×10 ocular), and the pattern of positive staining was observed at the high power (×40 objective and ×10 ocular) by three oral pathologists. The observations were graded according to the following pattern: negative staining (N), focal fibrillar (FF), focal nonfibrillar (FN), diffuse fibrillar (DF) and diffuse nonfibrillar (DN).
Statistical analysis
All the data were analyzed by SPSS software, version 20 (Armonk, NY, USA: IBM Corp).
Nonparametric Chi-square test was employed to evaluate the difference between different variables. The correlation between the variables was calculated using Spearman's correlation. P ≤ 0.05 was considered statistically significant. P ≤ 0.001 was considered highly significant.
RESULTS
The results of this study showed that there was no expression of CK10 in the basal layer of any of the study groups, negative expression of CK10 in all layers of DC, while KCOT expressed CK10 only in the surface layer. The When OOC was compared with EDC, a significant difference in staining was found with CK13 and CK19 in the basal and surface layers, respectively (P ≤ 0.05). A highly significant difference in staining was found on comparison of CK19 in the basal and intermediate layers (P ≤ 0.001). On comparison of OOC with DC, a highly significant difference in CK10 and CK13 staining was detected in the intermediate and superficial layers, although CK19 demonstrated a highly significant value in all the layers (P ≤ 0.001). The results on comparison of OOC with KCOT showed a significant difference with CK13 staining in the intermediate layer (P ≤ 0.05). A highly significant difference was deduced with CK10 in the intermediate layer, CK13 in the surface layer and CK19 in all the layers (P ≤ 0.001).
A significant difference in the expression of fibronectin was obtained between OOC and EDC on comparison of fibronectin staining.
DISCUSSION
A substantial number of studies have investigated and explained the nature and histopathologic classification of OOC. In the present study, IHC expression of CKs and fibronectin was assessed and compared in OOC, EDC and DMC, KCOT and DC to elucidate the pathogenesis of OOC. Negative expression of CK10 in the basal layer of any of the study groups was found. Similar findings were reported by Hoshino et al. [10] and Tsuji et al. [11] Expression of CK10 only in the superficial layer in KCOT probably implies an absence or scarcity of mature keratinocytes in this lesion. Aragaki et al. [12] also found few cases of KCOT, which showed positive CK10 expression, while Dos Santos et al. [13] showed absence of immunostaining for CK10 in all 25 cases of KCOT, which included primary and recurrent tumors and those associated with NBCCS. Tsuji et al. [11] detected negative staining for CK13 in both EDC and OOC. Combining data from our study and few other studies, it could be considered that a different keratinization pattern exists in OOC, which is more similar to that of EDC than KCOT. Our findings corroborate *P≤0.05 was considered statistically significant, **P≤0.001 was considered highly significant. Spearman's rank correlation coefficient was calculated and significant difference was observed between CK13 and CK19 of surface layer (P=0.047). CK: Cytokeratins *P≤0.05 was considered statistically significant, **P≤0.001 was considered highly significant. Spearman's rank correlation coefficient was calculated and no significant difference was observed on comparison of CKs within any of the layers. CK: Cytokeratins with those reported by Kamath et al. [14] and Pawar et al., [15] regarding CK19 staining, in which difference in staining intensity and number of layers stained was seen between KCOT and DC.
Tsuji et al. [11] perceived in their study that OOC is unlikely to originate from odontogenic epithelium because of the absence of CK19 expression whereas positive expression of CK19 in KCOT and DC indicated odontogenic origin. Further, in most previous studies of CK19, mostly all odontogenic cysts under study tended to be positive.
It was hypothesized by Koizumi (2004) [16] on analyzing negative expression of CK19 in OOC that it might arise from other cell rests such as gingival cells and mucosal cells, and intense expression of CK19 in KCOT reinforces the odontogenic origin as previously studied by other authors in various odontogenic cysts and tumors. [17, 18] Regarding fibronectin expression, our results are somewhat similar to that of de Oliveira et al. [9] and Poomsawat et al., [19] who ascertained a diffuse distribution of fibronectin in the fibrous capsule of KCOTs and DCs in a fibrillar or reticular pattern with a more profound reaction in KCOTs that may be responsible for its aggressive behavior. The expression of CK19 is found in a broad range of epithelial tissues, including many simple epithelia, diverse stratified epithelia and cultured keratinocytes. CK19 usually does not express in epidermis. [18] CK10 which is a keratinization marker differed significantly from CK13 in the intermediate layer. Increased CK10 expression in the intermediate layer reflects keratinization pattern toward the epidermis as CK10 is a keratinization marker. CK13 is usually absent in the epidermis and adnexal structures and is a marker of mucosal stratified squamous epithelium. [20] Intense expression of CK10 in all the layers except basal in OOC affirms that a constant process of keratinization is taking place, as seen in the epidermal tissue and orthokeratinized epithelium of oral mucosa and in EDC/DMC. It can also be interpreted that the differentiation of OOC cells is almost complete as in epidermis and, therefore, can be associated with the nonaggressive behavior of OOC. CK10 is produced in the suprabasal cells of the epidermis and is considered as important for postmitotic differentiation in stratified keratinizing and cornifying epithelia. Considerable amount of experiments have indicated that CK10 specifically inhibits proliferation and cell cycle progression of keratinocytes, and loss of CK10 leads to increased keratinocyte turnover. Hence, CK10 can be considered as "keratinization markers" of keratinocyte. [7, 8] From a bird's eye view, the overall expression of various CKs differed significantly in almost all the epithelial layers when OOC was compared with DC and KCOT.
Our study showed mild expression of CK13 in OOC and EDC while intense expression was detected in KCOT and DC. Previously in many studies, other odontogenic lesions such as RCs and DCs also showed positive staining for CK13. [21] Aragaki et al. [12] interpreted that abundant expression of CK19 may be associated with generation of a polarized, vertically elongated cell shape noticed in KCOT. They recognized cells strongly positive for CK19 in dental lamina of a late stage tooth germ, which is in agreement to the view that KCOT arises from the remnant of dental lamina cells.
The results of many studies suggest that KCOT and DC resemble each other in the cellular differentiation, but the keratinization mode of OOC is different from that of KCOT and DC and a complex maturation process is involved in KCOT. [13] As there is no other study where statistical comparison has been made regarding fibronectin expression in OOC and EDC, it is difficult to deduce the basis of origin of OOC alone on one connective tissue marker. The reason being that fibronectin is a mesenchymal marker and miscellaneous factors can influence its expression, which has broad spectrum of normal physiological functions. [22] da Silva et al. [4] found that the expression of fibronectin was that of a nonfibrillar pattern and diffused throughout the extracellular matrix of the capsule. Hence, it can be contemplated that a more intense expression of fibronectin in KCOTs may be related to the polarization of basal cells, as seen in odontoblasts during odontogenesis. [23] Similar hypothesis was put forward by de Oliveira et al., [9] who hypothesized that the characteristic pattern of the KCOT lining epithelial basal cells might be related to the strong presence of fibronectin in the basement membrane.
These diverse and incongruent findings in fibronectin expression are probably because of the difficulty in interpretation of this protein in odontogenic cysts. Fibronectin was noticed both at the junction and throughout the cystic wall. As ECM can regulate cellular behavior via integrins, it is possible that the pattern of expression of fibronectin at the basement membrane in KCOTs is involved in the aggressive behavior of KCOTs. [19, 24] 
CONCLUSION
On analysis of overall CK expression, it was deduced that CK expression in OOC was analogous to that of EDC. The expression patterns of DC and KCOT varied considerably from OOC. Similar CK10 expression in OOC and EDC suggests normal orthokeratinization taking place in both. Strong CK19 presence in DC and KCOT affirms the odontogenic origin. CK19 expression in few cases of OOC could be accounted to the fact that OOC is occurring in the jaws. OOC is aquiring CK19 during the development of the lesion the epithelial lining is either getting induced or under the influence of some interactions, it is acquiring this CK.
Fibronectin was found to be statistically different among OOC and EDC. This is the first study where fibronectin has been compared with EDC; the conclusion of this remains ambiguous. It could be due to the difference in growth patterns and characteristic nature of connective tissue wall of OOC and EDC.
On comprehensive evaluation of the results gathered from our study, we hypothesize that OOC shares more common features with EDC, a cyst of epithelial origin, though it is occurring in the jaws. Hence, OOC does not appear to be odontogenic in origin and probably represents the intraosseous counterpart of EDC.
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